Abstract: Oribatid fauna highly varies among habitats, but different microhabitats within a habitat are also characterized by different mite species. The main goal of the research was to compare the observed structure of an oribatid community when samples were collected at random from the soil-litter layer of 0-10 cm in depth (standard approach) and selectively from 6 types of available microhabitats (complex approach). Samples were taken within a small plot (10 m × 10 m) in a forested area of the Silesian Park (Chorzów, south Poland). Overall, 2642 specimens of Oribatida belonging to 62 species were collected in 66 samples. The structure of the oribatid community observed by means of the 2 sampling approaches was completely different. The abundance and species richness of oribatid mites collected from 6 microhabitats were significantly higher than in the soil-litter layer alone. Results of this study show that random collecting of only soil-litter samples may reduce the evaluation of species richness in a study area by 40%. Each of the studied microhabitats supported a peculiar oribatid fauna.
INTRODUCTION
The soil biodiversity has been described as "the poor man's tropical rainforest" (Usher et al. 1982) . More than any other habitat, it is the province of mites, especially oribatids (Walter & Proctor 1999) . In the upper 10 cm of soil, usually between 50 000 and 250 000 mites/m 2 exist (Petersen 1982) . Oribatid mites inhabit a wide range of soil types or habitats, with numerous species, and their different communities indicate environmental qualities. Different oribatid communities are recognized in coniferous, deciduous or mixed forests, hay or wet meadows, and farmland.
To characterize the structure of soil mite communities, in the standard approach, researchers collect samples at random from the soil-litter layer to the depth of 5 cm or more, usually up to 10 cm (e.g. Niedbała et al. 1982; Koehler & Born 1989; schaefer & schaUermann 1990; Weigmann 1991; sylWestroWicz-maliszeWsKa et al. 1993; seniczaK et al. 1998; hUBert 1999; KaneKo et al. 2005) . However, the oribatid fauna within a habitat is varied and different microhabitats are inhabited by different mite species. It is noteworthy that in a forest, oribatid mites inhabit not only the soil-litter layer, but also dead wood of various forms, mosses (growing on logs, standing trees or rocks), fungal fruiting bodies, grasses, tree bark, fallen twigs and tree hollows (aoKi 1967; seyd & seaWard 1984; WUnderle 1992; Behan-Pelletier & Walter 2000; materna 2000; root et al. 2007; siira-PietiKäinen et al. 2008) . Each of these microhabitats has distinct characteristics, including abiotic factors and biotic interactions, which enable the establishment of specific mite communities (Wehner et al. 2016) . Already in the 1970s, anderson (1978a showed that the diversity of soil mites increased with microhabitat diversity. fUjiKaWa (1970) remarked that the more various organic matter is accumulated in a studied area, the more complicated its oribatid fauna becomes. Several authors also suggested that microhabitat diversity is correlated closely with the diversity of oribatid mites (aoKi 1967; hammer 1972; anderson 1978a) .
The primary aim of this project was to compare the observed structure of an oribatid community when samples were collected in 2 different ways. In the standard approach, soil-litter samples were collected randomly in a square plot 10 m × 10 m. In the complex approach, samples were taken selectively in 6 types of microhabitats in the same area. The study was aimed to answer the following questions: 1. Which of the sampling approaches generates a complete picture of the structure of an oribatid community? 2. What part of the species richness of oribatid fauna is omitted if only soil-litter samples are taken randomly? 3. Which of the sampled microhabitats is characterized by the highest abundance and diversity of mites? 4. To what extent does the oribatid fauna differ between microhabitats?
MATERIAL AND METHODS

Study area
The investigation was performed in the Silesian Park located in Chorzów (Silesian province, south Poland; 50°29'N, 18°98'E), in its forest section. Until the early 1950s, 75% of this area was a huge wasteland covered in mining slag heaps, other mining wastes, bootleg mines, cave-ins, marshes and garbage dumps, while only a small section was used as farmland. To restore the natural environment, about 3.5 million m 3 of highly polluted soil was removed and replaced by 0.5 million m 3 of fertile soil and turf. Thanks to this, the degraded landscape quickly turned into about 600 hectares of meadows, forests, gardens, and flower beds, with ponds, streams, and clumps of rare trees and bushes, supporting diverse wildlife. For more than 60 years the Silesian Park has been admired as an unsurpassed oasis of green within the Silesian agglomeration, i.e. in Poland's most industrialized and populated region. It is the largest city park of this type in Europe.
Sample collection and sampling design
A quadrat (10 m × 10 m) was set up in a forested section of the Park. In the standard approach, 30 random soil-litter samples (0-10 cm in depth) were taken using a stainless steel corer of 4.8 cm in diameter. In the complex approach, within the same quadrat, 36 samples (6 samples per microhabitat) were collected from 6 microhabitats: soil-litter (0-10 cm), moss (common haircap moss Polytrichum commune), fungus (hoof fungus Fomes fomentarius), dead wood (lying log, 3 rd stage of decomposition), leaves collected from the ground (mainly of maple Acer platanoides), and a tree hollow (at the height of 1 m, in a maple tree). In total, 66 samples were collected. Sampling was done in autumn (28 October 2013) and in spring (2 June 2014). The stage of decomposition of the logs was described using a 5-degree scale based on Pyle & BroWn's (1998) classification.
Oribatid mites were extracted from the samples using the Tullgren method (macfadyen 1961). The samples were placed on an extractor for 6 days or until a sample was thoroughly dried. Oribatid mites were first preserved in alcohol (60-70%) and later mounted on temporary microscopic slides with lactic acid and identified using a light microscope and determination keys: Weigmann (2006), Niedbała (2008), and olszanoWsKi (1996) . Because of difficulties in associating juvenile and adult oribatids, juveniles were counted but were not assigned to species. The systematic classification proposed by sUBías (2004-2015) was followed. The distribution of oribatid species in different microhabitats is listed in Appendix I.
Statistical analysis
Four univariate measures were used to assess community structure: abundance per 100 g dry weight (DW), total and mean number of species per sample, and the Shannon diversity index (log e ). Shannon indices (x) were transformed to "true diversities" by exp(x) following jost (2006), which reduces the sensitivity to common and rare species. The Mann-Whitney U test was used to test for differences between soil-litter samples and pooled samples from microhabitats in abundance, species richness, and diversity of oribatid mites. The nonparametric Kruskal-Wallis test was performed to reveal significant differences in different characteristics of mite diversity between 6 microhabitats. If the Kruskal-Wallis test was positive, then a test for pairwise comparison of microhabitats was used. The level of significance for all statistical tests was accepted at α=0.05.
Permutational multivariate analysis of variance (PERMANOVA) was performed to test for differences among microhabitats in terms of oribatid species composition (anderson 2001), together with post-hoc pairwise comparisons between particular sampling sites. All species were included in the analysis. The analysis was based on the matrix of species abundance in particular sites by using the Bray-Curtis coefficient with 1000 permutations for each test. Non-metric multidimensional scaling (NMDS) was used to find a pattern of similarities between microhabitats in terms of oribatid species composition (tagUchi & oono 2005) . The analysis was performed using the Bray-Curtis coefficient.
Detrended correspondence analysis (DCA) was chosen as the ordination method to explore the compositional variation between microhabitats. The interpretation was restricted to the ordination space determined by the first 2 axes. To avoid an excessive amount of noise in the data matrix, which could obscure some data features, all species present as singletons were removed from the analysis, because they did not improve the DCA analysis and this was confirmed in an initial analysis with all species. The numbers of individuals were log (x+1) transformed and equal weight was applied to all species. All statistical calculations for this research were done in STATISTICA 12 (Statsoft Inc., Tulsa, USA) and PAST 3.10 software (hammer et al. 2001) .
RESULTS
Overall, 2642 specimens of Oribatida belonging to 62 species were collected in 66 samples. The abundance of oribatid mites in soil-litter samples was about 38 individuals per 100 g DW. It was significantly higher in pooled samples taken from 6 microhabitats (U=1.545, p=0.0000). As regards adult and juvenile forms, the differences were also statistically significant, but the proportion of juveniles in microhabitats was not as large as for adults (Table 1 ). The total number of oribatid species recorded in the complex approach was much higher (59) than in soil-litter samples alone (38). In contrast, the mean number of species per sample was significantly higher in soil-litter samples. Similarly, the Shannon diversity was higher in soil-litter samples than in selectively collected samples from microhabitats (Table 1) . Differences in the observed species structure of the oribatid community were also very clear. In total, 62 oribatid species were recorded in the study and 34 species (55%) were common to soil-litter and other microhabitats. The number of exclusive species for soil-litter samples was very low (4 species), whereas the number of such species in microhabitats was high (24 species, 41% of the total in the complex approach). All dominant species collected in soil-litter samples were also observed in microhabitats, but their proportion was very small in mosses, dead wood, tree hollows, hoof fungus, and leaves. For example, Conchogneta willmanni constituted over 10% of all mites in soil-litter samples, whereas its proportion in microhabitats was 10-fold lower (Table 1). In contrast, dominant oribatid species in microhabitats -Tectocepheus alatus, Carabodes (C.) femoralis, and Damaeus (Epidamaeus) bituberculatus -were not observed in soil-litter samples (Table 1) .
The highest abundance of total oribatids was observed in samples of mosses. The abundance in microhabitats was differentiated, but there were no statistically significant differences among the 6 studied microhabitats. Only in the soil-litter layer, oribatid abundance was low and the differences were statistically significant in relation to the other microhabitats. These relationships were the same for the adult forms. As regards juveniles, there were no statistically significant differences among the 6 studied microhabitats ( Table 2 ). The total number of species was the highest in mosses and the lowest in the tree hollow. The mean number of species per sample was the highest in leaves, slightly lower in mosses, fungus and the soil-litter layer, and the lowest in dead wood. However, the differences in mean number of species per sample were not statistically significant. The moss layer differed from all the other microhabitats by housing the highest number of exclusive species (10), which did not occur anywhere else in the study area. In contrast, there was no exclusive species in hoof fungus samples. The "true diversity" significantly differed among the studied microhabitats. It was the highest in leaves and soil-litter samples and the lowest in the tree hollow (Table 2, Appendix I).
NMDS ordination shows similarities of the 6 studied microhabitats in terms of oribatid species composition (Fig. 1) . The samples are rather evenly scattered, but the separation of certain microhabitats is well visible. The samples from the tree hollow (right-hand side) and soil-litter (left-hand side) are clearly separated along the first axis. The samples of moss and fungus (lower part) and dead wood and leaves (upper part) are also comparatively well separated along axis 2. Oribatid species composition varies significantly among the studied microhabitats (PERMANOVA; F = 2.369, p = 0.0001). Pairwise comparisons reveal significant differences between Bold values denote significant differences in abundance or species richness at p < 0.05. 
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Bold values denote significant differences in abundance or species richness at p < 0.05.
some microhabitats. The tree hollow is the most distinct in terms of species composition since it differs significantly from all the other microhabitats (PERMANOVA; p< 0.05). The soil -litter layer differs significantly from nearly all microhabitats, with the exception of dead wood. The remaining microhabitats do not differ significantly from each other, with the exception of a significant difference between dead wood and fungus (p = 0.02).
Ordination by DCA was used to assess similarities among oribatid fauna in the 6 microhabitats. The eigenvalue (the dispersion of the sites/species distribution along the ordination axis) of the first and second axis are λ 1 = 0.862 and λ 2 = 0.564, respectively. The first 2 axes explain over 53% of the total variance. Four dominant species -D. bituberculatus, Oppia nitens nitens, Subiasella (Lalmoppia) quadrimaculata, and Ramusella (Rectoppia) fasciata fasciata -can be regarded as associated with dead wood of the tree hollow (right part of axis 1) (Table 3, Fig. 2) . Axis 2 describes a gradient that separates the oribatid mites of hoof fungus samples. Two dominant species are strongly associated with this microhabitat: C. femoralis and Hafenrefferia gilvipes. The differences in oribatid fauna between the 4 other microhabitats are not so strong, but still present. Two dominants -Quadroppia (Q.) quadricarinata and Acrotritia duplicate -can be regarded as characteristic of dead wood of lying logs. Tectocepheus alatus was very abundant in mosses. It constituted almost 60% of the total number of oribatids in this microhabitat. Many species reached a high abundance in samples of the soil-litter layer and leaves: Atropacarus striculus striculus, Phthiracarus (P.) ferrugineus, and Conchogneta willmanni willmanni. They domi- Fig. 1 . The non-metric multidimensional scaling (NMDS) scatterplot of samples representing 6 microhabitats in the Silesian Park in terms of oribatid species composition nated in the oribatid fauna in both the microhabitats, but the first 2 species were also dominants in dead wood (Table 3, Fig. 2 ). Subiasella (Lalmoppia) quadrimaculata
Ramusella (Rectoppia) fasciata fasciata None of the species were common to all the studied microhabitats. As regards dominant species, only A. striculus, P. ferrugineus, and Tectocepheus velatus velatus were recorded in 5 of the microhabitat types. Some species were noted in only one of microhabitats, e.g. Rhinoppia (R.) subpectinata and Rhinoppia (R.) obsoleta obsoleta in the soil-litter layer, A. duplicata in dead wood, while O. nitens and R. fasciata in the tree hollow (Table 3 , Appendix I).
DISCUSSION
The observed structure of the oribatid community based on soil-litter samples taken randomly is completely different from that based on samples collected selectively from 6 available microhabitats within the study area. The abundance and species richness of oribatid mites in the soil-litter layer were significantly lower than in the pooled sample from microhabitats. None of the dominant oribatid species in microhabitats (T. alatus, C. femoralis and D. bituberculatus) were recorded in soillitter samples. As many as 24 species (41% of the total number) noted in different microhabitats were not found in samples from the soil-litter layer. It means that if samples are not collected from all available microhabitats in a study area (in this study, a small plot 10 m × 10 m), evaluation of species richness could be reduced by 40%. However, it should be noted that when we evaluate the structure of the oribatid community based on samples from the soil-litter layer, it is more stable. The mean number of species per sample and "true diversity" are significantly higher in soillitter samples compared to pooled microhabitat data. The proportions of individual species (e.g. dominants) are more even in soil-litter samples, whereas in pooled microhabitat data the proportion of the dominant species is very high. It is a well-known phenomenon that forest soils are characterized by relatively stable conditions, with narrow fluctuations of moisture, temperature, etc. (maraUn & scheU 2000) . It results in a more stable structure of oribatid communities in comparison to those of selected microhabitats.
Some authors have reported that oribatid mites benefit from increased numbers of microhabitats (e.g. hansen 2000; eissfeller et al. 2013). aoKi (1967) was the first to call attention to the importance of collecting oribatids from as many different microhabitats as possible and not being content only to collect on the surface of the forest floor or in the soil and avoiding intentionally other microhabitats in the area. Nevertheless, most studies on oribatid mites are still based only on samples from the soil-litter layer. This is understandable, because often the number of microhabitats present in a given area is large and collecting samples from the soil, litter and also all microhabitats would significantly prolong the time of the study. Nevertheless, this should not be a reason for ignoring sampling of all available material.
The oribatid fauna is highly differentiated in the studied microhabitats. Strong dissimilarities in oribatid fauna of microhabitats were revealed by the ordination technique. No species was common to all microhabitats. The highest abundance, species richness, and a high number of exclusive species were observed in the moss layer. However, the structure of the oribatid community in mosses was unstable, with one species (Tectocepheus alatus) constituting almost 60% of the total number. The presence of abundant and diverse oribatid fauna in mosses is well known in the literature (e.g. aoKi 1974; borowiak & Niedbała 1982; Wehner et al. 2016 ). Many oribatid taxa are adapted to use them for food, shelter, or environmentally constant habitat (glime 2013). Oribatids do not feed directly on moss material; instead, most species consume mostly the fungi, algae, and bacteria present within the moss (Wolf & rocKet 1984; Smrž 2010) . The relationship between bryophytes and oribatids can be mutualistic. When water is scarce, some mite species can transfer moss sperm, so that mosses reproduce with the help of oribatid mites (cronBerg et al. 2006) .
The most distinct was the fauna of the tree hollow. Three dominant species are representatives of the family Oppidae and the fourth is a small species of the family Damaeidae (D. bituberculatus). Some authors have stressed that a tree hollow has its own biota (ParK & aUerBach 1954; raniUs 2001) . Skubała & GurGul (2011) observed ¼ of the total number of oribatid species as unique to wood dust in tree hollows.
The abundance of oribatids in soil-litter samples was many times lower than in other microhabitats. However, the stable structure of the oribatid community in the soil-litter layer was characterized by a high proportion of juveniles, high Shannon diversity index, and the highest number (8) of dominant species (their dominance index varied from 5.1% to 14.6%). Two groups of oribatid mites dominated in the soil-litter layer: 4 representatives of the Oppidae and 4 species of ptyctimous mites. Dead wood is an important component of forest in the temperate climate. It is a preferred biotope for many oribatid species (sirra-PietiKainen et al. 2008; Skubała & maślak 2009; hUhta et al. 2012; Skubała & marzec 2013) . Dead wood provides unique microclimatic conditions (lachat et al. 2012 ) but only few species occurred exclusively in this microhabitat (seastedt et al. 1989; johnston & crossley 1993; BlUhm et al. 2015) . However, some authors observed about 40% of oribatid species as obligate members of the dead wood fauna (Skubała & SokołowSka 2006; Skubała & duras 2008; Skubała & maślak 2009; Skubała & marzec 2013) . In this study, a low abundance and comparatively high species richness were observed in dead wood, similarly as in a study by Wehner et al. (2016) on specialization of oribatid mites adapted to forest microhabitats. Three of the dominant species in this microhabitat were representatives of Phthiracaridae and Eupthiracaridae. The juveniles of those mites burrow in woody substrates until they disperse as adults (Wehner et al. 2016) . Two other dominant species present almost exclusively in this microhabitat were 2 species of the genus Quadroppia.
Relatively high numbers of individuals and species were collected from hoof fungus. However, the presence of 2 species, which constituted almost 80% of the total number, indicates that the microhabitat is highly unstable and ephemeral. Both dominant species (C. femoralis and H. gilvipes) are strongly sclerotized, typical surface dwellers, well protected against harsh environmental fluctuations. The abundance and species richness of oribatids noted in leaves on the ground were average, similar to those observed in the fungus. However, this microhabitat seems to be more suitable for oribatids, as a high value of "true diversity" and high number of dominants (8), similar to those in the soil-litter layer, were observed in leaves. Among dominants, species of many different oribatid groups can be found.
The differences in oribatid fauna between microhabitats were previously emphasized by some authors. aoKi (1974) observed that each of the studied microhabitats in forest floors contained a peculiar oribatid fauna. The same phenomenon was reported by Smrž et al. (2015) with regard to soil microhabitats in agroecosystems. nielsen et al. (2010) provided direct evidence for the hypothesis that small-scale heterogeneity in soils increases the species richness of intermediate-sized soil fauna, including oribatid mites. As regards the litter layer, hansen & coleman (1998) observed that species richness of soil mites increased with the complexity and heterogeneity of this microhabitat. Many oribatid species show strong preferences for specific soil horizons (mitchell 1978) or for particular physicochemical conditions within the soil (WaUthy 1982; dUcarme et al. 2004) . That may explain such a large variation of oribatid fauna between the studied microhabitats. KarasaWa & hijii (2004) emphasized the importance of factors responsible for microhabitat diversity (in that case characterized specifically on flooded trunks of mangrove trees). The cited authors showed that oribatid communities in the same microhabitat at different sites tended to be more similar than those on different microhabitats at the same site.
In view of the above-mentioned results that different microhabitats support different oribatid fauna, it is necessary to sample as many microhabitats as possible to estimate properly the oribatid fauna of a study area. Habitat heterogeneity, i.e. the presence of different microhabitats, is of great importance for species richness of ori-batid mites. The corollary of this is that any activity that eliminates microhabitats (e.g. removal of dead wood, treatment of decaying trees) may reduce soil biodiversity. CONCLUSIONS 1. Random sampling may lead to an incorrect assessment of the structure of oribatid communities of the studied environment. If we do not collect samples in all available microhabitat types, we can skip up to 40% of oribatid species present in a given area. 2. Microhabitats seem to provide less stable conditions for oribatid mites (in comparison to the soil-litter layer) but they are characterized by specific oribatid fauna, well adapted to life in the unstable microhabitats. 3. The richest oribatid community was observed in mosses, whereas the most distinct was the oribatid fauna of the tree hollow. S-L = soil-litter layer; M = moss; F = fungus; W = dead wood; L = leaves; H = tree hollow
